Aim: To evaluate the oral conditions of patients with chronic kidney disease undergoing dialysis and to determine the influence of dialysis duration and bone metabolism on the prevalence and severity of the alterations found. Methods: The simplified oral hygiene index (OHI-S), prevalence of dental caries (decayed, missing filled teeth index, DMFT), and the periodontal screening and recording (PSR) index were evaluated in 154 patients. Parathyroid hormone (PTH), calcium, phosphorus and urea measurements, as well as panoramic radiographs, were obtained from all patients. To evaluate the effect of duration of dialysis treatment on oral health, the patients were divided into two groups: (1) <5 years and (2) > 5 years. Regarding blood levels of PTH, patients were divided into three groups: (1) 0-149 pg/mL, (2) 150-584 pg/mL, and (3) >585 pg/mL. The OHI-S identified the accumulation of biofilm and calculus around the teeth. Results: Gingival inflammation was found in 100% of dentate patients, with 2 being the predominant PSR score (72.3%). The DMFT index was high (17.52). Dental calculus was the most common radiographic finding (70.8%). No significant correlation was observed between dialysis duration, biochemical alterations, and oral health. Conclusions: Most patients undergoing dialysis presented precarious oral hygiene, periodontal inflammation, and bone alterations. However, these manifestations were not influenced by the duration of dialysis or bone metabolism.
Introduction
Chronic kidney disease (CKD) is a global public health problem. The disease is characterized by a slow, progressive and irreversible decline in the number of functional nephrons, which results in a decrease of glomerular filtration rate and in the accumulation of various, often toxic, substances that are normally excreted by the kidneys, causing uremic syndrome [1] [2] [3] [4] [5] , as well as disturbances in normal homeostatic mechanisms that control the water-electrolyte balance in the organism 1 . Diabetes mellitus, hypertension, glomerulonephritis, and renal cystic disease are the most common causes of kidney failure, whose incidence and prevalence have increased over the last few years 2 . CKD is defined when kidney function decreases by 5 to 10% of its original capacity. Treatment includes hemodialysis (HD) or continuous ambulatory peritoneal dialysis (CAPD) as replacement of renal filtration, and a kidney transplant as definitive therapy 6 . Patients with CKD show a broad spectrum of oral manifestations that affect the soft or hard tissues 7 , including xerostomia, uremic breath, uremic stomatitis, radiographic changes of the jaw bones, accumulation of calculus on the teeth, periodontitis, and other less frequent abnormalities [2] [3] 8 . Some of these conditions are more severe in patients undergoing dialysis than in healthy individuals [9] [10] [11] [12] . The duration of dialysis can influence the prevalence of oral abnormalities observed may be related to worsening of oral health 11, 13 . With respect to bone alterations commonly observed in these individuals, bone metabolism disorders caused by altered blood levels of calcium (Ca) and phosphorus (P) in response to lack of activation of vitamin D by the kidneys promote the development of secondary hyperparathyroidism, contributing to alveolar bone loss by changing the normal skeletal remodeling, in addition to favoring the development of intra-osseous lesions such as brown tumor 14 . These oral conditions can become a source of infection since patients with CKD are highly susceptible due to the immunodeficiency caused by uremia 3 . After transplantation, the persistence of oral infections may be a cause of morbidity in patients on immunosuppressive therapy 10 . It is therefore important that dentists are aware of the main conditions affecting the oral cavity of these patients in order to prevent or treat them before transplantation 4 . The objective of the present cross-sectional cohort study was to evaluate cross through clinical, biochemical and radiographic oral conditions in a Brazilian population with CKD that was preparing for a kidney transplant, investigating the influence of dialysis duration and status on bone metabolism the prevalence and severity of the changes found.
Material and methods
The sample consisted of 154 patients of both genders with CKD undergoing HD or CAPD for at least 3 months. The patients were recruited from the Central Preparation Center for Kidney Transplantation, Onofre Lopes University Hospital (Rio Grande do Norte, Brazil), were older than 18 years, and had not received dental treatment during the previous 6 months. The study was conducted in accordance with the Declaration of Helsinki's guidelines and was approved by the Ethics Committee of Federal University of Rio Grande do Norte (UFRN) (Protocol 082/09). All patients gave written informed consent to participate in the study.
A clinical form containing the following data was completed for each patient: demographic data; data about the cause of CKD; type, duration and place of dialysis; medications used; results of routine biochemical tests; frequency of toothbrushing; use of dental floss; presence of bitter taste in the mouth; xerostomia; use of dentures, and date of the last visit to the dentist.
The patients underwent intraoral clinical examination at the dental office of the Family and Community Health Unit of Onofre Lopes University Hospital, UFRN, using a dental mirror, exploratory probe, basic fuchsine (Eviplac ® ) for biofilm detection, and a periodontal probe (OMS-621). This examination was performed to evaluate the presence of alterations in oral soft tissues (lip, palate, tongue, floor of the mouth, cheek mucosa) such as candidiasis and petechiae. Next, the teeth were examined regarding the presence of attrition, erosion, abrasion, mobility, stains and hypoplasia.
The prevalence of caries was analyzed using the decayed, missing, filled teeth (DMFT) index recommended by the World Health Organization. Oral hygiene was evaluated using the simplified oral hygiene index (OHI-S) proposed by Greene and Vermilion 15 (1964) , which combines two components: biofilm index and calculus index. Six sites of selected teeth were examined after application of a biofilm stain: buccal surface of teeth 16, 26, 11 and 31, and lingual surface of teeth 36 and 46. A score of 0 to 3 was attributed to each surface according to the amount of biofilm or calculus detected. For the biofilm index, scores were attributed as follows: 0 (no staining), 1 (biofilm covering no more than 1/3 of the tooth surface), 2 (biofilm covering more than 1/3 and less than 2/3 of the tooth surface), and 3 (biofilm covering more than 2/ 3 of the tooth surface). The following scores were attributed for determination of the calculus index: 0 (no calculus), 1 (supragingival calculus covering no more than 1/3 of the tooth surface), 2 (supragingival calculus covering more than 1/3 and less than 2/3 of the tooth surface), and 3 (calculus covering more than 2/3 of the tooth surface, or a band of subgingival calculus in the cervical region of the tooth). The OHI-S is calculated as the sum of scores of the two components.
The periodontal screening and recording (PSR) system was used to analyze the need for periodontal treatment. For this system, the mouth is divided into sextants and the tip of the periodontal probe is inserted into the gingival sulcus of the teeth present. All tooth surfaces are examined and the highest score is recorded. The following scores are attributed: 0: Colored part of the probe completely visible. Absence of calculus and defective restorations. Healthy periodontal tissues.
1: Gingivitis. Colored part of the probe completely visible but bleeding on probing. Absence of calculus and defective restorations.
2: Gingivitis or mild periodontitis. Colored part of the probe completely visible but bleeding on probing. Presence of supra-or subgingival calculus.
3: Moderate periodontitis. Colored part of the probe partially visible, with a pocket depth of 4 to 5 mm.
4: Advanced periodontitis. Colored part of the probe disappearing completely inside the gingival pocket.
Clinical evaluation was performed by a single calibrated examiner. Kappa statistics was used to evaluate the level of intraexaminer agreement for OHI-S, DMFT, and PSR.
Calibration was performed on 10 patients at an interval of one hour between analyses. All kappa values were close to 0.70, indicating almost perfect agreement. Panoramic radiographs were taken from all patients to identify sources of infection, the presence of calculus, and bone alterations. All participants received detailed instructions and were encouraged to practice oral hygiene. Patients who required dental treatment were referred to the Department of Dentistry of UFRN where they underwent the adequate procedures.
Routine biochemical parameters obtained at the dialysis centers, including parathyroid hormone (PTH), Ca, P, and pre and post-dialysis urea, were used to evaluate the correlation between bone and mineral metabolism, which is commonly altered in this group of patients, and the clinical and radiographic alterations observed in this study. Since PTH concentration indicates the presence of bone disease, the patients undergoing dialysis were divided into three groups according to PTH levels: group 1: 0 to 149 pg/mL (low turnover bone disease); group 2: 150 to 584 pg/mL (absence of bone disease); group 3: > 585 pg/mL (high turnover bone disease). The Ca x P product was calculated for each patient and the sample was divided into two groups according to the risk of extraskeletal metastatic calcifications: group 1 (Ca x P < 55 mg/dL) and group 2 (Ca x P > 55 mg/ dL). In addition, the urea reduction ratio (URR) was obtained for each participant to evaluate the efficiency of dialysis. A URR > 65% was considered to indicate adequate dialysis.
For determination of the effect of dialysis duration on DMFT, OHI-S, PSR, radiographic bone alterations, dental calculus, Ca x P product, and PTH, the patients undergoing dialysis were divided into two groups: group 1 consisting of patients undergoing dialysis for <5 years, and group 2 consisting of patients undergoing dialysis for >5 years.
The data were entered into Microsoft Excel spreadsheets and analyzed using the SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). Variables are expressed as absolute (n) and relative (%) frequencies and as means. The KolmogorovSmirnov test was used to determine whether numerical variables showed a normal distribution. Differences between normally distributed quantitative variables were evaluated by the Student t-test. Associations between qualitative variables were tested by the chi-squared test or Fisher's exact test. Mean and median biochemical parameters were compared between groups using the nonparametric Kruskal-Wallis test for PTH and the Mann-Whitney test for URR and Ca x P product. A level of significance of 5% (0.05) was adopted.
Results
The mean age was 41.8 years. Patients aged 36 to 45 years were the predominant age group, corresponding to 22.7%. Most patients were males (55.8%) and 46.1% were Caucasian. Hypertension (43.50%) was the most common causes of CKD, followed by unspecified chronic glomerulonephritis (9.74%). Hemodialysis was the most frequent type of dialysis (92.2%) and 94 (61%) patients with CKD had started treatment at least 5 patients were completely edentulous and 59 (38.3%) used some type of denture. With respect to oral hygiene habits, 53.9% of the patients brushed their teeth three times per day; however, only 24.7% used dental floss regularly. At the time of the present study, 44.8% of the participants reported to have visited the dentist in the previous year. With respect to the use of vitamins and medications for the control of plasma calcium and potassium levels, the patients also reported the use of other drugs, including antihypertensives (55.8%), hypoglycemics (5.8%), antiulcer drugs (14.3%), and anxiolytics (5.2%).
The most frequent oral clinical finding was coated tongue (31.2%), which is generally associated with inadequate hygiene. Other changes observed in soft tissues were petechiae (8.5%), candidiasis (2.6%), nicotine stomatitis (1.3%), hemangioma (1.3%), fibroma (1.3%), fibrous hyperplasia (1.3%), and actinic cheilitis (0.6%). Xerostomia was reported by 42.9% of the patients and altered taste by 37%. Attrition was the most common dental problem (48.5%), followed by abrasion (23.2%) and tooth mobility (15.2%). Bruxism was present in 21 (13.6%) patients.
The most frequent radiographic alteration was dental calculus, observed in 109 (70.8%) patients. Other findings were dental caries (62.3%), horizontal bone loss (62.3%), vertical bone loss (39.6%), residual roots (29.9%), lost teeth (85.1%), and impacted teeth (19.5%). Signs of pulp necrosis, such as diffuse bone rarefaction were observed in 28 (18.2%) patients and circumscribed bone rarefaction in 9 (5.8%) ( Table  1) . One patient had a brown tumor. Vertical and horizontal bone loss was significantly correlated with age (p = 0.004
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Analysis of oral hygiene conditions in dentate patients using the OHI-S showed deficient hygiene in 36.8% of these patients. Evaluation of the need for periodontal treatment revealed a PSR score of 2 in 72.3% of the patients. These results indicate the presence of supra-or subgingival calculus and bleeding on probing. PSR was not performed in one patient and the OHI-S was not obtained in five because they did not attend the scheduled exam. The chi-squared and Fisher's exact tests revealed no significant association of dialysis duration, OHI-S, PSR, PTH or Ca x P product with radiographic bone alterations (vertical and horizontal bone resorption, dental calculus, diffuse and circumscribed bone rarefaction, bone sclerosis, and bone repair) ( Table 2 ). The mean DMFT was 17.52 (D = 2.29, M = 11.87, and F = 3.36). Analysis of DMFT according to the duration of dialysis showed a mean (± standard deviation) index of 16.8 (± 9.8) in the group < 5 years of dialysis and of 18.5 (± 8.1) in the group > 5 years of dialysis, but the difference was not significant (p = 0.268, Student t-test).
There was no significant association between the three PTH ranges and radiographic bone alterations (calculus, circumscribed and diffuse bone rarefaction, sclerosis, bone repair, horizontal and vertical bone loss, and periapical lesion). In addition, no association was observed between this biochemical parameter and the calculus component of the OHI-S (Table 3 ). The latter was also not significantly associated with the Ca x P product (p=0.404), or with any of the bone alterations apparent on panoramic radiographs. The frequency of calculus demonstrated by radiography was higher in patients with a URR <65%, but this difference was not statistically significant (p=0.579). None of the biochemical parameters studied was correlated with periodontal disease based on PSR score.
Discussion
The therapeutic modalities for patients with CKD such as dialysis increase the life expectancy of this population. However, patients undergoing dialysis are more susceptible to infections due to their state of immunodeficiency. These patients, particularly transplant candidates, should therefore be submitted to careful oral examination to eliminate any source of infection. In the present study, 154 pre-transplant patients with CKD undergoing dialysis were examined to identify oral conditions associated with the disease. In addition, the influence of dialysis duration and bone and mineral metabolism on the oral manifestations of these patients was evaluated.
Descriptive analysis showed that coated tongue was the most common oral clinical finding in soft tissues, a condition generally associated with inadequate hygiene. In addition, there was a high prevalence of dry mouth, a finding that might be related to the restricted intake of fluids by patients undergoing dialysis or to the use of medications. Similar results have been reported by Dirschnabel et al. 7 . Petechiae were observed in 16.4% of the sample and might be related Influence of dialysis duration and parathyroid hormone on the clinical and radiographic oral conditions of pre-transplant patients with chronic kidney disease to the use of heparin during the HD sessions. Halitosis and altered taste can be the result of xerostomia and the presence of oral microorganisms that metabolize urea (found at high levels in the saliva of these patients) and produce ammonia. About one-third of patients undergoing dialysis complain of a bad taste in their mouth 2, 6 in agreement with the present study in which 37% of the sample reported this symptom. Attrition was the most common dental problem. According to Klassen and Krasco 16 this condition is secondary to aging or xerostomia. Most patients studied here presented poor oral hygiene conditions. Souza 3 and Gürkan et al. 4 suggested that some oral problems may occur due to the negligence of preventive health measures since the patients are more concerned with the treatment of CKD. However, since the present patients reported a good frequency of daily tooth brushing, the precarious oral conditions might have been due to the lack of knowledge about adequate brushing techniques. In addition, most patients did not use dental floss, a fact favoring biofilm accumulation on the interproximal surfaces of teeth. The OHI-S also indicated the abundant presence of calculus in these patients, a fact contributing to the high scores observed. A high concentration of salivary urea can influence the formation of calculus 3, 6 . Other factors that favor the development of calculus in these patients are the intake of calcium supplements, hyperparathyroidism, and inadequate hygiene 17 . Although almost half the sample (44.8%) had seen a dentist during the year prior to the study, this fact did not improve oral hygiene since this care focused on isolated treatment and not on prevention. These results highlight the need to invest in oral health promotion programs for this population.
A high DMFT index (17.52) was found in the sample studied. Similar results have been reported by other investigators 6, 17 who observed no significant differences in DMFT indices between patients with CKD and control groups. The high DMFT index observed in the present study was mainly due to the large number of missing teeth (11.87) when compared to decayed (2.29) and filled teeth (3.36). According to Dias et al. 18 these findings are not directly related to kidney disease, but rather to the socioeconomic conditions of the patients and limited access to preventive/ curative treatment. As a consequence, the patient only sought treatment when experiencing pain and tooth extraction was frequently required in these cases.
With respect to periodontal disease, Chamani et al.
12
observed some degree of gingival inflammation in all patients studied, in agreement with the present investigation in which 100% of dentate patients had gingivitis, with a predominance of PSR score 2 (72.3%). Periodontal disease is highly prevalent and severe in patients with kidney failure. Prophylaxis and early dental treatment should be reinforced and may have a positive impact on the general health status of the patient 19 . The investigation of sources of infection was complemented by panoramic radiography, which permitted the visualization of the teeth and their supporting bone structures. Studies using radiographic analysis for CKD patients undergoing dialysis are scarce in the literature. In the present study, calculus was the most common radiographic alteration, followed by dental caries. Thorman et al. 20 compared the panoramic radiographs of 93 patients with CKD (pre-dialysis, HD, and CAPD) with a control group and found a higher incidence of periapical infections in the first three groups. These results highlight the importance of radiographic investigation in all pre-transplant patients undergoing dialysis since they may present inflammatory lesions of the teeth that cannot be detected by clinical examination alone.
PTH concentration can be used as a biochemical marker of bone remodeling. An increase of this hormone occurs in response to altered blood levels of Ca and P in the organism caused by the loss of renal function. This condition, in turn, leads to secondary hyperparathyroidism, which promotes the development of high turnover bone disease. On the other hand, renal osteodystrophy can manifest as a low turnover bone disease associated with low PTH levels, particularly in diabetic patients 21 . In the present study, no correlation was observed between blood PTH levels and bone alterations observed on panoramic radiographs in any of the three groups studied. Frankenthal et al.
14 also found no influence of secondary hyperparathyroidism on alveolar bone loss or periodontal indices in 35 patients with CKD undergoing dialysis. In addition, URR or Ca x P product was not associated with calculus accumulation, periodontal disease or bone loss. These data indicate that bone and mineral metabolism, which is frequently altered in patients undergoing dialysis, did not influence the oral alterations observed in this study.
Analysis of the effect of dialysis duration on the oral conditions of patients with CKD showed no significant difference in PSR, OHI-S or DMFT between the two groups studied (< 5 years and > 5 years). These results agree with other investigators who suggested that the duration of dialysis exerts no additional effect on dental or periodontal conditions in patients with CKD 12 . In contrast, some studies reported a higher accumulation of biofilm and calculus and a high degree of gingival bleeding in long-term patients undergoing dialysis 9, 11, 13 . Bone and mineral metabolism evaluated based on blood PTH concentrations and Ca x P product was also not influenced by the duration of dialysis. No significant difference in radiographic bone alterations was observed between the two groups (<5 years and >5 years). We found no studies in the literature investigating the influence of dialysis duration on oral conditions detected by panoramic radiography.
Most patients with CKD undergoing dialysis presented poor oral hygiene, calculus accumulation and gingival inflammation, which represent sources of infection. However, the duration of dialysis was not associated with poor oral conditions. The state of bone or mineral metabolism also did not influence oral health manifestations in the patients studied. Taken together, the results indicate the need for oral health care in these patients as an important part of the kidney transplant preparation protocol.
